Objective-To investigate the pathophysiology of perivascular mononuclear cell infiltrates observed in skeletal muscle from patients with systemic lupus erythematosus (SLE).
Perivascular mononuclear cell infiltrates in skeletal muscle are common in systemic lupus erythematosus (SLE), being identified in all cases at necropsy. ' We noted that perivascular lymphocytic infiltrates in SLE muscle are associated with swelling of endothelial cells but, in contrast with polymyositis, are rarely accompanied by fibre necrosis or phagocytosis.? The pathophysiological significance of mononuclear cell infiltrates in SLE muscle remains unclear and possibly they represent areas of focal vasculitis.
The emigration of leucocytes into inflammatory tissue depends in part upon the expression of appropriate leucocyte adhesion molecules on the surface of endothelial cells.35
Of these, intercellular adhesion molecule-i (ICAM-1), vascular cell adhesion molecule-I (VCAM-1), and E-selectin (previously designated ELAM-1) are each induced or upregulated by the cytokines interleukin-l and tumour necrosis factor, providing a mechanism for the amplification of the inflammatory response. Although the expression of E-selectin is thought to be restricted to cytokine activated endothelial cells, ICAM-1 and VCAM-1 are also found on a variety of cells within the tissues. 6 7 The presence or absence of E-selectin, ICAM-1, and VCAM-1 provides an indication of their role in the formation of inflammatory infiltrates and also gives indirect evidence of the influence of cytokines. We used monoclonal antibodies against these three molecules to characterise further the mononuclear cell infiltrates found in skeletal muscle in SLE.
Materials and methods
As part of a continuing programme of research into muscle disease in SLE we investigated needle quadriceps muscle biopsy specimens from 14 patients with SLE, 11 Control muscle was available from six further patients: three with non-specific mild muscle symptoms and three who were undergoing surgery on the pituitary fossa for prolactinoma or non-secretory adenoma and required removal of quadriceps muscle to fill After incubation in the primary antiserum, sections were rinsed in TBS, pH , and incubated in a peroxidase conjugated secondary antiserum-namely, rabbit antimouse immunoglobulin (Dako), diluted 1:100, for 30 minutes. Sections were then rinsed in TBS and the peroxidase was visualised by incubation in 300 ml of TBS, pH 7-6, containing 0-15 g of 3,3'-diaminobenzidine tetrahydrochloride (Fluka), 0-2 g of imidazole (Sigma), and 225 i±l of 6% hydrogen peroxide for 10 minutes. Sections were then rinsed, lightly post-stained in haematoxylin, and mounted. All the above procedures were carried out at room temperature.
The total number of vessels positive for E-selectin and VCAM-1 was recorded from examination of the entire section at 10OX magnification. The area of the sections stained for E-selectin and VCAM-1 was calculated with computer aided image analysis equipment (Seescan) to allow calculation of the density of positively staining vessels. Comparisons between groups were made using Fisher's exact probability test.
Results
We compared the distribution of adhesion molecules in the muscle biopsy specimens of patients with SLE and those of control subjects. Slides stained with H&E and with leucocyte common antigen were examined to distinguish between perivascular and muscle parenchymal infiltration. Surface area of sections ranged between 2-5 and 10-5 mm2.
MICROVASCULAR EXPRESSION OF CELL ADHESION MOLECULES
In any one section all blood vessels with a perivascular infiltrate reacted with 1 4C3 antibody to VCAM-1 ( fig 1A) . Examination of each section as a whole showed that at least two vessels per mm2 reacted in six of seven patients with lymphocytic infiltrates (patients 1, 2, 6, 7, 9, and 13) compared with one of six control patients (p=0025) and none of the seven patients without infiltrates (p=0 0023) (see table 3 ).
1-2B6 antibody against E-selectin was expressed on at least 0 3 vessels per mm2 (two or more vessels per section) in 1 1 of 13 patients with SLE (all except patients 3 and 10) and in one of six control patients. Compared with biopsy specimens from normal controls, there was significantly higher E-selectin expression on SLE biopsy specimens both with (p=00245) and without (p=0 039) lymphocytic infiltrates. Although all vessels with perivascular lymphocytic infiltrates reacted with anti-E-selectin, the intensity of expression on some vessels was low, and in contrast with VCAM-1 expression there was no significant difference in E-selectin expression between SLE biopsy specimens with and without lymphocytic infiltration (p=0 54).
As anticipated, ICAM-1 was widely expressed on vessels in control and SLE biopsy specimens. No No extravascular expression of E-selectin was noted in the muscle of patients with SLE or controls. Extravascular staining with anti-VCAM-1 was found in conjunction with the larger inflammatory infiltrates. In some areas its expression was amorphous and might have been associated with necrotic tissue. A striking observation was of fine interfibre dendritic processes reacting with antibody to VCAM-1 (fig 2A) in all three cases with muscle parenchymal infiltrates (patients 2, 9, and 13). These processes were most concentrated in apposition to necrotic muscle fibres and, based upon inspection of serial sections, also reacted with antibodies to ICAM-1, CD68, and HLA-DR. In all control and non-infiltrated muscle sections examined the number of distinct dendritic processes reacting with anti-VCAM-1 was between zero and two. This also applied to three of the four patients with purely perivascular infiltrates. The fourth patient (patient 6) had antibody to VCAM-1 expressed on dendritic processes radiating from the affected vessel, but not elsewhere.
In contrast with VCAM-1, extravascular expression of ICAM-1 was noted on frequent, fine, interfibre dendritic processes in all control and patient samples (fig 3) , though the number of ICAM-1 positive dendritic processes was Bar=2OAim.
.".S6 ow~' iI markedly increased in some patients with perivascular infiltrates and in all three patients (patients 2, 9, and 13) with muscle fibre involvement ( fig 2B) . ICAM-1 was also expressed on a small proportion of mononuclear inflammatory cells (fig 1 B) . 
